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Introduction: Atoms of Na, K, Mg, Ca, Al, Fe, 

and Mn have been detected in the exosphere of 

Mercury while Na and K atoms are intensively 

studied in the lunar exosphere. Meteoroid 

bombardment of planetary surfaces is one of the 

main sources of atoms in planetary exospheres 

together with ion sputtering, solar wind sputtering, 

and photon-simulated desorption. For example, the 

content of Na and K atoms in the lunar exosphere 

increased soon after maximum of Quadrantid 

meteor shower [1]. 

Quenching model and thermochemical 

programs: In our previous papers quenching model 

of the chemical composition of impact-produced 

clouds formed after collisions of meteoroids with 

Solar system bodies such as the Moon and Mercury 

was already developed [2-4]. By comparison 

between theoretical content of atoms of refractory 

elements in the Hermean exosphere with 

observations of these atoms it is possible to estimate 

quenching temperature of condensation of 

refractory elements Fe and Al in the impact-

produced cloud and fraction of gas-phase species of 

these elements at quenching [4]. 

In papers [2-4] calculations of the equilibrium 

chemical composition of impact-produced clouds 

were performed with usage of the CHET program 

and database of thermodynamical properties of 

considered species [5]. We also started to use EQL 

program described in [6] with variable adiabatic 

constant during expansion of the impact-produced 

cloud for the case of studies of the chemistry of 

impact events on the Moon [7]. However, results of 

performed thermochemical calculations were not 

compared with results of other thermochemical 

programs for a well-known system. It leads to 

difficulties in estimation of the accuracy of 

previously performed thermochemical calculations. 

Initial parameters: The goal of this research is 

to compare results of thermochemical calculations 

with usage of CHET and EQL programs with that 

of MELTS and VAPORS programs [8] for the case 

of protosolar nebula. Calculations of equilibrium 

chemical composition were performed at 0.001 bar 

for the case of solar composition (see Table 1 of 

[8]). Temperatures of crystallization of main 

minerals obtained by [8] at 1 bar agree with 

accuracy of 70 K with experiment [9] studied 

transitions between liquid and solid phases. Let us 

know that main minerals of refractory elements are 

included into MELTS program while CHET and 

EQL programs study mainly condensation of metal 

oxides and cannot discriminate the difference 

between liquid and solid phases. 

Results and discussion: In accordance with [8] 

start of condensation at 0.001 bar of Al, Ca, Ti, Mg, 

Si, Fe, Ni, and Cr starts at 1770 (corundum Al2O3), 

1720 (hibonite CaAl12O19), 1680 (perovskite CaT-

iO3), 1580 (melilite), 1580 (melilite Ca2MgSi2O7 and 

CaAl2SiO7), 1460 (Fe), 1460 (Ni), and 1230 K (Cr-

spinel (Cr, Mg, Al)O4), respectively. In accordance 

with CHET program condensation of these elements 

starts at 1780 (Al2O3), 1565 (CaS), 1540 (Ti4O7), 

1400 (MgO), 1395 (SiO2), 1260 (FeS), 1380 (Ni), 

and 1305 K (Cr2O3). EQL program predicts starting 

of condensation at 1500 (Al2O3), 1360 (Ti2O3), 1480 

(MgO), 1220 (SiO2), less than 1200 (FeO), 1220 

(Ni), and less than 1200 K (Cr2O3), respectively. 

Comparison of obtained results shows that high-

est temperatures of start of condensation of main 

elements are obtained by [8]. These values are lower 

on about 100 K with usage of CHET program and 

on about 300 K with usage of EQL program. These 

results can be explained by higher condensation 

temperatures of minerals in comparison with that of 

metal oxides and sulfides. It seems that in paper [4] 

the content of Ca, Mg, and Fe atoms delivered to the 

Hermean exosphere by impacts of meteoroids was 

overestimated while the delivery rate of impact-

produced Al atoms to planetary exospheres is the 

same in accordance with calculations with usage of 

CHET and MELTS-VAPORS programs because the 

condensation temperature of Al-containing minerals 

is the same for both compared programs. 

Conclusions: Condensation of refractory ele-

ments in protosolar nebula was studied with usage of 

several thermochemical programs. Planned includ-

ing of minerals into the list of studied species by 

EQL program will help us to achieve better agree-

ment with previous theoretical results and experi-

mental data and to understand deeper the role of 

impacts as a source of atoms in the exospheres of the 

Moon and Mercury. 
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